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Trachyspermum ammi and Mentha arvensis 
essential oils have been evaluated for repellent, 
insecticidal and oviposition inhibitory activities in
maize weevil, Sitophilus zeamais. In repellency 
assay, T. ammi and M. arvensis essential oils 
showed repellent activity against S. zeamais adults. 
These essential oils caused mortality in S. zeamais 
adults when applied by fumigation and contact 
methods. In fumigation toxicity assay, median lethal 
concentrations (LC50) of T. ammi and M. arvensis 
essential oils were 0.385 and 0.323 μl/cm3, and 
0.274 and 0.214 μl/cm3 air after 24 and 48 h 
exposure of S. zeamais adults respectively. In 
contact toxicity assay, median lethal concentrations 
(LC50) of T. ammi and M. arvensis essential oils 
were found 0.317 and 0. 278 μl/cm2, and 0.204 and 
0.169 area after 24 and 48 h exposure of S. zeamais 
adults respectively. Essential oils of T. ammi and  
M. arvensis oils inhibited progeny production by 
inhibiting oviposition in S. zeamais adults when 
exposed to sub-lethal concentrations. This study 
concludes that T. ammi and M. arvensis oil can be 
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 With the beginning of agricultural practices 
and storage of food grains as a safeguard against 
poor harvests and famine, insects also started 
damaging stored grains both qualitatively and 
quantitatively. Several synthetic insecticides have 
been developed during recent past and applied to 
protect stored grains from harmful insects. The 
excessive and continuous use of these synthetic 
insecticides has increased the risk of ozone 
depletion, neurotoxicity, carcinogenicity, terato-
genicity and mutagenic effects among non-target 
species and cross-resistance and multi resistance            
in insects [1-4]. This has raised public and 
environmental issues diverting attention towards 
other alternatives sources of stored-grain insect ps
management. In this regard, use of plant derived 
products especially essential oils come into practice. 
Essential oils, a group of plant origin product, are 
highly volatile and non-persistent. Some of these 
exhibit adulticidal, larvicidal and antifeedant 
activity, oviposition inhibitory activities, capacity to 
delay development and adult emergence [5-14]. 
Among 17,500 aromatic plant species of Alliaceae, 
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Apiaceae, Asteraceae, Cupressaceae, Lamiaceae, 
Lauraceae, Myrtaceae, Piperaceae, Poaceae, Ruta-
ceae and Zingiberaceae families, only 3,000 essen-
tial oils have been known and 10% have commercial 
importance in cosmetic, food and pharmaceuti-      
cal industries [15]. These are complex, secondary 
metabolites characterized by a strong odour and low 
density [16]. These oils are mixtures of 20 to 60 
compounds of different chemical nature in different 
concentrations. Each essential oil is characterized by 
a specific essence due to two or three major 
components present in fairly high concentrations (20 
to 70%). The biological activities of essential oils 
depend on their chemical composition, which, in 
turn, varies with plant parts used for extraction, 
extraction method, plant phenological stage, 
harvesting season, plant age, genotype of the plant, 
soil nature and environmental conditions [17, 18].  
 Trachyspermum ammi (Family: Apiaceae) 
commonly known as Ajwain is grown in large scale 
in Rajasthan, Gujarat and Andhra Pradesh and in 
smaller scale in Uttar Pradesh, Punjab, Bihar, 
Madhya Pradesh, Tamil Nadu, West Bengal and 
Karnataka [19, 20]. The umbels of the plant mature 
and produce small and grey coloured seeds with 
bitter taste. The essential oil can be obtained         
from seeds by hydrodistillation using a Clevenger 
apparatus. T. ammi seeds produce 2.5-5% essential 
oil [21]. The principal constituents responsible for
typical flavour of ajwain seed essential oil are 
thymol and carvacrol. T. ammi seed essential oil 
contains 27 compounds, of which thymol (40%) is 
present in the largest amounts. Other components 
are p-cymene (15.6%) and γ-terpinene (11.9%) 
whereas β-pinene (4%), limonene (4%), carvacrol 
(5%), camphene and myrcene. Mentha arvensis 
(Family: Lamiaceae), commonly known as corn-
mint, menthol mint or Japanese mint is cultivated 
commercially in many parts of the world in tropical 
and subtropical climates. The green leaves of 
Mentha arvensis produce 0.30-0.40% yellow 
coloured volatile oil by hydrodistillation method. 
Chemical analysis reveals menthone (29.41%), 
menthol (21.33%), isomenthone (10.80%), euca-
lyptol (6.91%), neo-menthol (4.70%), cis-piperitone 
oxide (3.62%), linalool (2.20%), thymol (1.60%), 
dl-limonene (1.47%) and α-phellandrene (3.20%) as 
major constituents [22]. 
 The maize weevil, Sitophilus zeamais (Cole-
ptera: Curculionidae) is a major pest of maize in 
humid tropical areas of the world where maize is 
grown [23]. S. zeamais is an internal feeder of 
grains and attacks both standing crops and stored 
cereal commodities including wheat, rice, sorghum, 
oats, barley, rye, buckwheat, peas and cottonseed. 
Females cause damage by boring into the kernel and 
laying eggs. The larvae and pupae eat the inner parts
of the kernel, resulting in a damaged kernel and 
reduced grain weight [24]. Apart from weight 
losses, the feeding damage caused by weevils leads 
to severe reductions in nutritive and economic 
values, reduced seed viability, as well as conta-
mination by chemical excretions (silk) and insect 
fragments [25]. The infestation also elevates tempe-
rature and moisture content in the stored grain mass, 
which can lead to mold growth, including toxigenic 
species such as Aspergillus flavus [26]. S. zeamais 
cause extensive losses in quality and quantity of        
the grain in the field as well as in storage [27]. In 
the present study, essential oils of T. ammi and             
M. arvensis essential oils have been evaluated for 
their repellent, insecticidal and antiovipositional 
activities against maize weevil, S. zeamais. 
 
2. MATERIALS AND METHOD  
 
2.1. Essential oils 
 
 Seeds of T. ammi were purchased from              
the local market of Gorakhpur. Green leaves of               
M. arvensis were collected from local field of 
Gorakhpur. Essential oils were isolated by hydro-
distilation of T. ammi seeds and M. arvensis leaves 
for 4 hours in Clevenger apparatus. Essential oils 




 Maize weevil, S. zeamais was used to 
determine the insecticide nature of T. ammi and            
M. arvensis essential oils. The insects were reared 
on whole maize grain in the laboratory at 30±40C, 
75±5% RH, and photoperiod of 10:14 (L:D) hours.  
 
2.3. Repellent activity 
 
 Repellency assay was performed in glass  
petri dishes (diameter 8.5 cm, height 1.2 cm). Test 
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solutions of different dilutions (0.2, 0.4, 0.8 and 
1.6% vol:vol) of T. ammi and M. arvensis essential 
oils were prepared in acetone. Whatman filter 
papers were cut into two halves and each test 
solution was applied to filter paper half as uniform 
as possible using micropipette. The other half of the 
filter paper was treated with acetone only. Essential 
oil treated and acetone treated halves were dried to 
evaporate the acetone completely. Both treated and 
untreated halves were then attached with cellophane 
tape in a manner so that seepage of the test    
samples from one half to other half can be avoided 
and placed at the bottom in each petri dish. Forty            
S. zeamais adults were released at the centre of the 
filter paper disc and the petri dish was covered an 
kept in dark. Six replicates were set for each 
concentration of essential oil. After 4 hours of 
treatment, number of adults in treated and untreated 
halves was counted.  
 Percent repellency (PR) was calculated using 
formula: PR = (C-T)/(C+T) ×100, C = number of 
insects in the untreated halves and T = number of 
insect in treated halves 
 Preference index (PI) was calculated using the 
following formula: PI = (percentage of insects in 
treated halves - percentage of insects in untreated 
halves)/ (percentage of insects in treated halves + 
percentage of insects in untreated halves). PI values 
between - 1.0 and - 0.1 indicate repellant essential 
oil, - 0.1 to + 0.1 neutral essential oil and + 0.1to + 
1.0 attractant essential oil. 
 
2.4. Fumigant toxicity 
 
 Formulations of T. ammi and M. arvensis 
essential oils were made by using acetone as 
solvent. Ten adults taken from the laboratory culture 
were placed with 2 g of wheat grains in glass petri 
dish (diameter 8.5 cm, height 1.2 cm). Filter paper 
strip (2 cm diameter) was treated with essential              
oil formulations and left for two minutes for 
evaporation of acetone. Treated filter paper was 
pasted on the undercover of petri dish, air tightened 
with parafilm and kept in dark in conditions applied 
for rearing of insect. Six replicates were set for each 
concentration of essential oil and control. After 24 
and 48 hours of fumigation, mortality in adults was 
recorded.  
 
2.5. Contact toxicity 
 
 Formulations of T. ammi and M. arvensis 
essential oils were made in acetone, applied on 
bottom surface of glass petri dish (diameter 8.5 cm, 
height 1.2 cm) and left for two minutes for 
evaporation of acetone. Ten adults taken from the 
laboratory culture were released at the centre of 
petri dish, covered and kept in dark in conditions 
applied for rearing of insect. After 24 and 48 hours 
of fumigation, mortality was recorded.  
 
2.6. Oviposition inhibitory effect 
 
 Ten S. zeamais adults of mixed sex were 
fumigated with sublethal concentrations viz. 40% 
and 80% of 24-h LC50 and 48-h LC50 of T. ammi  
and M. arvensis essential oils for 24 h and 48 h 
respectively and reared on wheat grain in a 250 ml 
plastic box for 10 days. After 45 days, adults were 
discarded and number of F1 progeny was counted. 
Six replicates were set for each concentration of 
essential oils and control.  
 
2.7. Data analysis 
 
 Median lethal concentration (LC50) was 
calculated using POLO programme [28]. Analysis        
of variance (ANOVA) and correlation and linear 
regression analysis were conducted to define 




3.1. Repellent activity 
 
 Repellency was 74.33, 98.33 and 100% at 
0.2, 0.4 and 0.8% concentrations of T. ammi essen-
tial oil respectively (Table 1). Preference Index (PI) 
was -0.74, -0.98 and 1.0 at 0.2, 0.4 and 0.8% 
concentrations of T. ammi essential oil respectively 
(Table 1). T. ammi essential oil showed significant 
(F = 238.74, P<0.01) repellency against S. zeamais 
adults. Repellency was 78.66, 94.83 and 100% at 
0.2, 0.4 and 0.8% concentrations of M. arvensis 
essential oil respectively (Table 1). Preference  
Index (PI) was -0.78, -0.94 and 1.0 at 0.2, 0.4 and 
0.8% concentrations of M. arvensis essential oil 
respectively (Table 1). M. arvensis essential oil 
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showed significant (F = 209.88, P<0.01) repellency 
against S. zeamais adults. 
 
3.2. Fumigant toxicity 
 
 Fumigation of T. ammi and M. arvensis 
essential oils caused toxicity by vapour action. 
Median lethal concentrations (LC50) were 0.385   
and 0.323 μl/cm3 air for T. ammi essential oil after 
24 and 48 h of exposure respectively (Table 2). 
Regression analysis showed concentration-depen-
dent mortality in S. zeamais adults against T. ammi 
essential oil (F = 246.72 for 24 h and 269.33 for    
48 h; P<0.01) (Table 3). Median lethal concentra-
tions (LC50) were 0.274 and 0.214 μl/cm
3 air for            
M. arvensis essential oil after 24 and 48 h of 
exposure respectively (Table 2). Regression analy-
sis showed concentration-dependent mortality in                  
S. zeamais adults against M. arvensis essential oil  
(F = 276.34 for 24 h and 294.53 for 48 h; P<0.01) 
(Table 3). The index of significancy of potency 
estimation, g-value indicates that the mean value is 
within the limits of all probabilities (P<0.1, 0.5 and 
0.01) as it is less than 0.5. Values of t-ratio greater 
than 1.6 indicate that the regression is significant. 
Values of heterogeneity factor less than 1.0 denotes 
that model fits the data adequate. 
 
 
Table 1. Repellency of T. ammi and M. arvensis essential oil against S. zeamais adults. 
Oils Concentration (%) 
Percent Repellency (PR) * 
Mean±SD 
Preference Index**  (PI) 
T. ammi 
0.2 74.33±3.14 - 0.74 
0.4 98.33±2.03 - 0.98 
0.8 100±0.00 - 1.0 
1.6 100±0.0 - 1.0 
M. arvensis 
0.2 78.66±2.45 - 0.78 
0.4 94.83±0.89 - 0.94 
0.8 100±0.0 - 1.0 
1.6 100±0.0 1.0 
*Percent repellency (PR) was calculated as: PR = (C-T)/(C+T) ×100; Where C = number of insects in the untreated halves 
and T = number of insect in treated halves; **Prefer nce index (PI) was calculated as: PI = (percentag of insects in 
treated halves - percentage of insects in untreated halves)/ (percentage of insects in treated halves + percentage of insects 
in untreated halves).  PI value between -1.0 to -0.1 indicates repellant essential oil, -0.1 to +0.1 neutral essential oil and 
+0.1 to +1.0 attractant essential oil.  
 
 
Table 2. Fumigant and contact toxicity of T. ammi  and M. arvensis essential oil against S. zeamais adults. 
Oils Toxicity Exposure period (h) LC50





24 0.385 0.17 0.33 3.08 
48 0.323 0.18 0.35 3.34 
Contact toxicity 
24 0.317 0.17 0.30 3.64 
48 0.278 0.19 0.31 3.69 
M. arvensis 
Fumigant toxicity 
24 0.274 0.19 0.33 4.03 
48 0.214 0.20 0.36 3.68 
Contact toxicity 
24 0.206 0.20 0.31 3.46 
48 0.169 0.19 0.33 3.84 
a µl/cm3 for fumigant and µl/cm2 for contact toxicity. 
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24 h - 4.73 5.67 Y = - 4.73+5.67X 0.99 
48 h 2.17 4.88 Y = 2.17+4.88X 0.98 
Contact toxicity 
24 h - 4.99 5.13 Y = - 4.99+5.13X 0.99 
48 h 4.13 3.97 Y = 4.13+3.97X 0.99 
M. arvensis 
Fumigant toxicity 
24 h - 4.08 5.66 Y = - 4.08+5.66X 0.98 
48 h 5.33 7.18 Y = 5.33+7.18X 0.99 
Contact toxicity 
24 h 4.89 4.40 Y = 4.89+4.40X 0.98 
48 h 6.68 6.11 Y = 6.68+6.11X 0.99 
 
 
3.3. Contact toxicity 
 
 T. ammi and M. arvensis essential oils caused 
contact toxicity in S. zeamais adults. Median lethal 
concentration (LC50) of T. ammi essential oil was 
0.317 and 0.278 µl/cm2 area against S. zeamais 
adults after 24 and 48 h of exposure respectively 
(Table 2). Regression analysis showed concen-
tration-dependent mortality in S. zeamais adults 
against T. ammi essential oil (F = 267.64 for 24 h 
and 309.23 for 48 h; P<0.01) (Table 3). Median 
lethal concentration (LC50) of M. arvensis essential 
oil was 0.206 and 0.169 µl/cm2 area against                      
S. zeamais adults after 24 and 48 h of exposure 
respectively (Table 2). Regression analysis showed 
concentration-dependent mortality in S. zeamais 
adults against M. arvensis essential oil (F = 244.14 
for 24 h and 286.65 for 48 h; P<0.01) (Table 3).  
The index of significancy of potency estimation, g-
value indicates that the mean value is within the 
limits of all probabilities (P<0.1, 0.5 and 0.01) as it 
is less than 0.5. Values of t-ratio greater than 1.6 
indicate that the regression is significant. Values of 
heterogeneity factor less than 1.0 denotes that model 
fits the data adequate. 
 
3.4. Oviposition inhibition 
 
 Fumigation of S. zeamais adults with T. ammi 
and M. arvensis essential oils significantly reduced 
oviposition potential.  Reduction in oviposition was 
79.42 and 39.59% of the control when S. zeamais 
adults were fumigated with 40% and 80% of          
24-h LC50 of T. ammi essential oil respectively              
(F = 242.37, P<0.01) (Table 4) Similarly, reduction 
in oviposition was 52.31 and 17.56% of the control 
when S. zeamais adults were fumigated with 40% 
and 80% of 48-h LC50 of T. ammi essential oil 




Table 4. Oviposition inhibitory activities of T. ammi  and M. arvensis essential oil in S. zeamais. 
Oil Concentration 












Control 87.57±5.98 (100%) 
242.37 
Control 87.57±5.98 (100%) 
293.81 40% of 24h-LC50 69.53±3.76 (79.42) 40% of 48h-LC50 45.81±3.77 (52.31) 
80% of 24h-LC50 34.66±2.99 (39.59) 80% of 48h-LC50 15.38±1.66 (17.56) 
M. arvensis 
Control 87.57±5.98 (100%) 
213.84 
Control 87.57±5.98 (100%) 
312.66 40% of 24h-LC50 61.13±4.07 (69.83) 40% of 48h-LC50 40.17±3.16 (45.87) 
80% of 24h-LC50 38.97±3.01 (44.51) 80% of 48h-LC50 19.88±1.73 (22.70) 
Values in parentheses indicate per cent change with respect to control taken as 100%. 
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 Reduction in oviposition was 69.83 and 
44.51% of the control when S. zeamais adults were 
fumigated with 40% and 80% of 24-h LC50 of                
M. arvensis essential oil respectively (F = 213.84, 
P<0.01) (Table 4) Similarly, reduction in ovipo-
sition was 45.87 and 22.7% of the control when         
S. zeamais adults were fumigated with 40% and 
80% of 48-h LC50 of M. arvensis essential oil 
respectively (F = 312.66, P<0.01) (Table 4). 
 
4. DISCUSSION  
 
 Plant derived volatiles have received much 
attention in the scientific community as a tool in 
stored grain insect pest management programme         
[5-14]. Essential oils and its components also       
have been evaluated for their role in insect            
pest management programme. Linalool and linalyl 
acetate exhibited significant fumigant toxicity to 
rice weevils [30]. In present study, repellant, 
insecticidal and oviposition inhibition activities of 
T. ammi and M. arvensis essential oils in S. zeamais 
was studied. T. ammi and M. arvensis essential           
oils showed significant repellant activity against           
S. zeamais adults. Similarly, Chaubey has evaluated 
Zingiber officinale and Piper cubeba essential oils 
for its repellent against T. castaneum. Z. officinale 
and P. cubeba essential oils have repelled the adults 
of T. castaneum [31]. Essential oil of A. sativum 
repelled T. castaneum and S. oryzae adults at very 
low concentration [12, 14]. T. ammi and M. arvensis 
essential oils induced high mortality in S. zeamais 
adults when treated by fumigation or contact 
methods. Fumigant toxicity effect of essential oils 
from five species of Eucalyptus viz. E. camal-
dulensis, E. grandis, E. viminalis, E. microtheca and 
E. sargentii have been studied against S. oryzae 
adults [32]. Both T. ammi and M. arvensis essential 
oils reduced progeny production in S. zeamais 
which ultimately may be reduced damage caused  
by the insect. Similarly, essential oils from the 
rhizomes of Z. officinale and berries of P. cubeba 
have been evaluated for developmental inhibitory 
activities against T. castaneum. Fumigation with 
sublethal concentrations of these essential oils 
reduced the oviposition potential of the adults and 
inhibited development of larvae to pupae and   
pupae to adults [31]. Essential oil of A. sativum has 
evaluated for its oviposition inhibitory activities 
against T. castaneum. A. sativum reduces ovipo-
sition potential of the adults when treated by 
fumigant method and contact method both [12].  
 Although mode of actions of essential oils 
and its constituents on stored grain insect pests have
not been established, yet, recent researches have 
demonstrated the interference of essential oils and 
its monoterpenes with acetylcholinesterase activity 
in S. oryzae and T. castaneum [13, 14]. Essential 
oils are lipophilic in nature and can be inhaled or 
ingested. The rapid action against insect pests is 
indicative of a neurotoxic mode of action and 
interference with the neuromodulator octopamine or 
GABA-gated chloride channels [33, 34]. Several 
essential oil and its components act on the 
octopaminergic system of insects. Octopamine is a 
neurotransmitter, neurohormone and circulating 
neurohormone-neuromodulator, and its disruption 
results in total breakdown of the nervous system 
[35]. Thus, the octopaminergic system of insects 
represents a target for insect control. Low molecular 
weight terpenoids are too lipophilic to be soluble in 
the haemolymph after crossing the cuticle and the 
proposed route of entry is tracheae [36]. Most 
insecticides bind to receptor proteins in the insect 
and interrupt normal neurotransmission leading              
to paralysis and death. Low molecular weight 
terpenoids with different structures may also bind to 
target sites on receptors that modulate nervous 




 Use of essential oils as an alternative in insect 
pest management programmes is a sustainable 
alternative as they can be obtained from nature. 
Essential oils can be used as contact toxicity, 
fumigant toxicity, repellent, oviposition inhibitory 
and developmental inhibitory agents. These act on 
various levels in the insects so possibility of 
generating resistance is low. Thus, T. ammi and    
M. arvensis essential oils can be used as an 
alternative of synthetic insecticides in the stored-
grain insect pest management. 
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